THE EXERCISE PRESSOR REFLEX (18) has been firmly established to be one of the mechanisms responsible for evoking the autonomic and ventilatory responses to static exercise (5, 11, 19, 34) . This reflex arises from the contraction-induced stimulation of thin fiber (i.e., group III and IV) muscle afferents (14) . Histologically, the endings of many group III afferents are found in connective tissue, whereas the endings of many group IV afferents are found in the walls of small vessels within the muscle (36) . The reflex is widely believed to be evoked by muscle metabolites, such as bradykinin (32) , prostaglandins (33) , lactic acid (24) , phosphate (30) , and potassium (27) . Moreover, there is substantial electrophysiological evidence demonstrating that these metabolic stimuli increase the discharge rate of group III and IV muscle afferents (2, 11, 13, 17) .
Nevertheless, some thin fiber muscle afferents, especially those with group III fibers, have been shown to be responsive to mechanical stimuli that are far below the noxious threshold (1, 12, 17, 22) . Moreover, mechanical stimuli, such as tendon stretch, have been shown to evoke impressive autonomic and ventilatory responses (31, 35, 38) . Despite these findings, the contribution of thin fiber mechanoreceptors to the exercise pressor reflex is not clear.
Mechanosensitive channels in several types of tissues have been shown to be blocked by gadolinium, a trivalent lanthanide (29, 39) . Consequently, gadolinium might serve as a tool to determine the role played by mechanosensitive thin fiber afferents in evoking the exercise pressor reflex. Therefore, we examined the effect of gadolinium injected into the arterial supply of the triceps surae muscles on the autonomic and ventilatory responses of cats to three maneuvers: static contraction, calcaneal (Achilles) tendon stretch, and femoral arterial injection of capsaicin. The first maneuver combined mechanical and metabolic stimuli to evoke reflex increases in arterial pressure, heart rate, and ventilation (i.e., the exercise pressor reflex) (18) . The second maneuver used only a mechanical stimulus to evoke reflex increases in arterial pressure, heart rate, and ventilation (31, 38) . The third maneuver used only a chemical stimulus to evoke these reflex responses (4) . We hypothesized that gadolinium would attenuate the reflex responses to both static contraction and tendon stretch but would have no effect on the reflex response to capsaicin injection.
METHODS
The cats were anesthetized with a mixture of 5% halothane and oxygen. Catheters were placed in the right jugular vein and common carotid artery for delivery of drugs and measurement of arterial blood pressure, respectively. The carotid artery catheter was connected to a pressure transducer (model P23 XL, Statham) to measure arterial pressure. Heart rate was calculated beat to beat from the arterial pressure pulse by a Gould Biotach amplifier. The trachea was cannulated, and the lungs were ventilated mechanically (Harvard Apparatus) for the remainder of the surgical preparation. For measuring minute ventilation, a pneumotachograph (Fleisch) was attached in-line with the tracheal cannula. PCO 2 was maintained between 35 and 40 mmHg by adjusting ventilation. Arterial pH was maintained between 7.35 and 7.45 by adjusting ventilation and by intravenous administration of sodium bicarbonate.
The triceps surae muscles were isolated. The calcaneal bone was severed and attached to a force transducer (model FT-10C, Grass). In experiments in which afferent activity was recorded, the hindlimb was denervated as thoroughly as possible except for the input from the triceps surae muscles.
A catheter was fed through the right femoral artery and external iliac artery to the abdominal aorta. The catheter was secured into place and the caudal artery was tied off, leaving only the left external iliac artery open, where the tip of the catheter was placed. Adjustable ligatures were placed above the catheter on the abdominal aorta and on the common iliac vein to trap the gadolinium in the leg. The cat was then placed in a Kopf stereotaxic head and spinal frame for the remaining procedures.
In all of the cats, a L4-S1 laminectomy was performed to expose the spinal cord. With the use of the skin on the back, a pool was formed and filled with mineral oil to protect the nerves from dessication. The ventral and dorsal roots were identified and separated. In both the reflex and electrophysiological experiments, the L7 and S1 ventral roots were isolated and cut, and the distal segments were placed on stimulating electrodes. The peripheral ends of the dorsal roots were placed on a plastic platform, and the roots were split into thin filaments. Segments of the nerve were split and placed on a bipolar recording electrode until single group III or IV afferent impulse activity was identified (12) . The electrophysiological signals were fed into a high-impedance probe (model HIP511, Grass), filtered with a fourth-order low-pass Bessel filter, and then amplified (model P511, Grass) and displayed on a storage oscilloscope (HewlettPackard) and monitor (model V1000, Gould).
␣-Chloralose-Anesthetized and Decerebrate Cats
While the lungs of the cats were ventilated with the halothane-oxygen mixture, the cats were given an initial dose of ␣-chloralose (50 mg/kg iv). Fifteen minutes later, the halothane was discontinued. Supplemental doses of ␣-chloralose (5-10 mg/kg iv) were given to maintain anesthesia after the surgical preparation was completed. The cat was allowed to breathe spontaneously. In the decerebrate preparation, a midcollicular section was performed under halothane anesthesia. All of the neural tissue rostral to the section was removed. Hemostasis was achieved and the cranial vault was filled with agar (37°C). The cat was then removed from the halothane and the ventilator and allowed to breathe spontaneously.
Gadolinium
Gadolinium (Aldrich) was prepared in buffered HEPES (pH 7.3-7.45, 10 mM concentration, Aldrich) as described by Hajduczok et al. (7) . One milliliter of 10 mM gadolinium trichloride was injected into the femoral artery and flushed with 1 ml of normal saline. Both the arterial and venous ligatures were tightened, and the gadolinium was trapped in the leg for 15 min and then released to circulate systematically. As a control, lanthanum trichloride, another trivalent lanthanide, was also trapped in the leg by using the same procedures. As an additional control, 1 ml of 10 mM gadolinium trichloride was injected intravenously (not trapped in the leg), and the reflex experimental protocols were conducted.
Experimental Protocol
The pressor reflex. Three stimuli were used to evoke a pressor reflex: tendon stretch, a purely mechanical stimulus; static contraction, a combined mechanical and metabolic stimulus; and capsaicin injection, a purely chemical stimulus. For tendon stretch, the calcaneal tendon was attached to a force transducer. A known tension was applied by using a rack and pinion to the triceps surae muscles for 1 min. Arterial blood pressure, heart rate, and minute ventilation were measured for 60 s before, during, and after tendon stretch. The triceps surae muscles were also statically contracted for 60 s by electrically stimulating the L7 and S1 ventral roots (40 Hz, 0.1 ms, and 1.5-3 times motor threshold). Again, arterial blood pressure, heart rate, and minute ventilation were measured for 1 min before, during, and after static contraction. Finally, 5 g of capsaicin were injected into the femoral artery, while the same variables were measured. Tendon stretch, static contraction, and capsaicin injection were performed during a control period and at 15 min intervals for up to 3 h after trapping 1 ml of 10 mM gadolinium in the vasculature of the left leg.
Recording single-unit activity from group III and IV muscle afferents. Once the receptive field of a group III or IV afferent was located in the triceps surae muscles, the same experimental protocols were followed as those described above. However, the impulse activity was counted in response to the various stimuli: tendon stretch, static contraction, and capsaicin injection.
Data Analysis
Values for mean arterial blood pressure, heart rate, minute ventilation, and nerve discharge rates are expressed as means Ϯ SE. Baseline values for mean arterial pressure and heart rate were taken immediately before a maneuver; peak values represent the highest level achieved during a maneuver. Ventilation was calculated as a minute volume (i.e., for 60 s) immediately before (i.e., baseline) and during a maneuver (peak). Baseline afferent discharge was counted over the 60-s period immediately before a maneuver, and peak discharge was counted for the entire 60 s of tendon stretch and static contraction. For capsaicin injection, peak discharge was counted for the duration of the response, which was composed of a burst lasting 5-8 s. All of the discharge rates were converted into impulses per second. Statistical analyses were conducted by using SigmaStat version 2.0 software, and all of the tests were two-way repeated measures ANOVA unless otherwise stated. When appropriate, Tukey's post hoc tests were used. The criteria for statistical significance was P Ͻ 0.05.
RESULTS

Reflex Experiments
␣-Chloralose-anesthetized cats. In ␣-chloralose-anesthetized cats (n ϭ 10), gadolinium significantly attenuated the pressor responses to static contraction and to tendon stretch, an effect that reached its peak by 60 min and that recovered by 120 min (Fig. 1) . Although baseline heart rate drifted upward, gadolinium significantly attenuated the cardioaccelerator responses to both tendon stretch and static contraction (Fig. 1 ). Peak tensions developed by the triceps surae muscles during static contraction and tendon stretch are shown in Table 1 . In contrast, the pressor, cardioaccelerator, and ventilatory responses to injection of 5 g of capsaicin were not changed (P Ͼ 0.05) by gadolinium, averaging 44 Ϯ 5 mmHg, 19 Ϯ 4 beats/min, and 623 Ϯ 69 ml/min before gadolinium injection and 43 Ϯ 5 mmHg, 22 Ϯ 4 beats/min, and 578 Ϯ 69 ml/min 60 min afterwards. Changes in ventilation during tendon stretch and static contraction were small, variable, and not influenced by gadolinium injection, findings that led us to perform further reflex experiments on decerebrate cats (see below).
Two other control experiments were performed in ␣-chloralose-anesthetized cats. In the first experiment, we injected 1 ml of 10 mM lanthanum trichloride into the femoral artery. Like gadolinium, this latter substance was trapped in leg for 15 min. Lanthanum, a trivalent cation that is similar in size to gadolinium, had no effect on the pressor, cardioaccelerator, or ventilatory responses to static contraction, tendon stretch, or 5 g capsaicin injection (n ϭ 5; Fig. 2 ). In the second experiment, 1 ml of 10 mM gadolinium was injected intravenously, and the reflex protocols were repeated. Intravenous injection of gadolinium in three ␣-chloralose-anesthetized cats did not attenuate the pressor, cardioaccelerator, or ventilatory responses to static contraction, tendon stretch, or capsaicin injection (Fig. 3) .
Dose response. In ␣-chloralose-anesthetized cats, we injected into the femoral artery four different concentrations of gadolinium. The volume was always 1 ml and the injectate was trapped as described above. Gadolinium in a concentration of 1 mM was ineffective at attenuating the pressor, cardioaccelerator, and ventilatory responses to both static contraction and tendon stretch in ␣-chloralose-anesthetized cats (n ϭ 3). Likewise, gadolinium (5 mM) attenuated modestly pressor responses to contraction and to tendon stretch (n ϭ 4). On the other hand, gadolinium (10 mM) was highly effective in attenuating the reflex responses (see above). Higher concentrations (25 mM) caused attenuation of the responses but no recovery within 3 h (n ϭ 3).
Decerebrate Unanesthetized Cats
Mean arterial pressure. In seven decerebrate cats, gadolinium significantly attenuated (P Ͻ 0.05) the pressor responses to static contraction and to stretch of Fig. 1 . Gadolinium trichloride (10 mM in 1 ml) injected into the femoral artery significantly attenuated (*P Ͻ 0.05) the pressor and cardioaccelerator responses to static contraction (left) and tendon stretch (right) in ␣-chloralose-anesthetized cats (n ϭ 10). Gadolinium injection had no effect on the ventilatory response to static contraction and to tendon stretch. Also, each increase in either mean arterial pressure (MAP), heart rate (HR), or minute volume of ventilation (V E) was significantly greater (P Ͻ 0.05) than the corresponding baseline value (means Ϯ SE are given inside bars). the calcaneal tendon, effects that reached their peak 60 min after injection and that recovered 120 min after injection (Fig. 4) . Peak tensions developed by the triceps surae muscles during contraction and stretch are shown in Table 1 . At the peak of the effect of gadolinium on the pressor responses to either contraction or tendon stretch, the pressor response to capsaicin injection (5 g) was not attenuated. For example, the pressor response to capsaicin before injection of gadolinium averaged 48 Ϯ 5 mmHg; likewise, the pressor response 60 min after injection averaged 50 Ϯ 5 mmHg. Gadolinium did not significantly effect baseline blood pressures (Fig. 4) .
Heart rate. Heart rate increased significantly (P Ͻ 0.05) in response to both static contraction and tendon stretch in decerebrate cats. Gadolinium significantly (P Ͻ 0.05) attenuated the cardioaccelerator response to both stimuli (Fig. 4) , effects that reached their peaks 60 min after injection and that recovered 120 min after injection. Baseline heart rate increased significantly over time (Fig. 4) , a finding that was reported (16) in decerebrate cats that had undergone laminectomies. Gadolinium had no effect on the cardioaccelerator response to capsaicin injection (5 g). Before gadolinium, the response to capsaicin averaged 33 Ϯ 9 beats/min, and 60 min later, the response averaged 36 Ϯ 9 beats/ min.
Ventilation. Minute ventilation significantly increased in response to both static contraction and tendon stretch. Nevertheless, the ventilatory response to contraction was larger than that to stretch. Gadolinium attenuated these responses, effects that reached their peaks 60 min after injection and that recovered 120 min after injection (Fig. 4) . Gadolinium had no effect on the ventilatory response to capsaicin, averaging 1,284 Ϯ 101 ml/min before and 1,401 Ϯ 101 ml/min 60 min afterward.
Time course. In the decerebrate cats, we examined the time course of the pressor, cardioaccelerator, and ventilatory responses to both static contraction and tendon stretch before as well as 60 min after femoral Fig. 3 . Gadolinium trichloride (10 mM in 1 ml) injected intravenously in ␣-chloralose anesthetized cats (n ϭ 3) had no effect on the cardiovascular and ventilatory responses to static contraction (left) and tendon stretch (right). ϩResponse is significantly greater (P Ͻ 0.05) than its corresponding baseline value (means Ϯ SE are given inside bars). None of the responses to contraction and to stretch 60 min after injecting gadolinium differ significantly from those before injecting gadolinium. Fig. 2 . Lanthanum trichloride (10 mM in 1 ml) injected into the femoral artery had no effect on the pressor responses to static contraction (A), tendon stretch (B), and capsaicin injection (C; 5 g into femoral artery) in ␣-chloralose-anesthetized cats. ϩPeak response is significantly greater (P Ͻ 0.05) than corresponding baseline. Responses were obtained 60 min after injecting lanthanum.
arterial injection of gadolinium (10 mM; n ϭ 7). We found that gadolinium abolished the pressor and cardioaccelerator responses to both maneuvers 2 s after their initiation (see Fig. 5 ). Likewise, gadolinium markedly decreased these responses 5 s after initiation (P Ͻ 0.05). Gadolinium also reduced the ventilatory responses to both maneuvers at 5 s after their initiation (P Ͻ 0.05).
Group III and IV Muscle Afferents
We recorded the discharge of eleven group III and seven group IV afferents, each of which had a receptive field in the triceps surae muscles. Conduction velocities for the group III afferents ranged from 2.7 to 26.0 m/s (13.1 Ϯ 2.7) and for the group IV afferents from 0.8 to 1.8 m/s (1.1 Ϯ 0.1). For four group III afferents and for two group IV afferents, we calculated the conduction velocities before and ϳ60 min after giving gadolinium. The velocities were unchanged.
Responses of group III muscle afferents to static contraction. Of the 11 group III afferents, 10 increased their discharge in response to static contraction of the triceps surae muscles. The discharge rates of each of the 10 afferents were significantly attenuated (P Ͻ 0.05) by gadolinium during static contraction (Fig. 6) . Before gadolinium was given, static contraction increased afferent discharge rates from 0.1 Ϯ 0.2 to 0.7 Ϯ 0.2 impulse/s (P Ͻ 0.05). Sixty minutes after gadolinium administration, the discharge rate did not increase in response to static contraction (from 0.2 Ϯ 0.2 to 0.2 Ϯ 0.2 impulse/s). After 120 min, however, the response to contraction returned to its control levels. Specifically, the discharge rate for group III afferents increased from 0.3 Ϯ 0.2 to 1.1 Ϯ 0.2 impulse/s in response to static contraction (P Ͻ 0.05).
Responses to group III muscle afferents to tendon stretch. Of the 11 group III afferents tested, 7 increased their discharge in response to stretch of the calcaneal tendon. The response to stretch of these seven afferents was significantly attenuated by gadolinium (P Ͻ 0.05). Before gadolinium was administered, tendon stretch increased afferent discharge from 0.2 Ϯ 0.3 to 1.1 Ϯ 0.3 impulse/s. Sixty minutes after gadolinium administration, tendon stretch increased discharge from 0.2 Ϯ 0.3 to 0.4 Ϯ 0.3 impulse/s. However, at 120 min after gadolinium, the response to tendon stretch returned to control levels. Specifically, tendon stretch increased afferent discharge rates from 0.5 Ϯ 0.3 to 1.1 Ϯ 0.3 impulse/s.
Responses of group III muscle afferents to capsaicin injection. Only two of the eleven group III muscle afferents were stimulated by injection of 5 g of capsaicin. Whereas the responses of these two afferents to static contraction and tendon stretch were attenuated by gadolinium, the responses of the afferents to capsaicin were unaffected.
Responses of group IV muscle afferents to static contraction. Six of the seven group IV muscle afferents responded to static contraction of the triceps surae muscles. The one afferent that did not respond to static contraction did respond to capsaicin injection and to noxious pinching of the muscle. The responses of the six group IV afferents to static contraction were not significantly affected by gadolinium injection (Fig. 7) . Specifically, before gadolinium, the discharge increased from 0.07 Ϯ 0.04 to 0.3 Ϯ 0.1 impulse/s. Sixty Fig. 4 . Gadolinium trichloride (10 mM in 1 ml) injected into the femoral artery attenuated the pressor, cardioaccelerator, and ventilatory responses to static contraction (left) and to tendon stretch (right) in decerebrate cats (n ϭ 7). Baseline means Ϯ SE are given inside bars. *Response at 60 min after injection was significantly less than the responses at either 120 min after injection or before injection (P Ͻ 0.05).
minutes later, the discharge increased from 0.09 Ϯ 0.05 to 0.3 Ϯ 0.1 impulse/s.
Responses of group IV muscle afferents to tendon stretch. None of the seven group IV muscle afferents responded to tendon stretch, and, therefore, the effect of gadolinium on their responses to this maneuver was not tested.
Responses of group IV muscle afferents to capsaicin injection. Six of the seven group IV muscle afferents responded to injection of 5 g of capsaicin. Of the six, we were able to quantify the response in four afferents. The remaining two responded so vigorously that we were unable to count the impulses. Qualitatively, these two afferents responded more vigorously as the experiments progressed and did not appear to be attenuated by gadolinium. Quantitatively, the responses to capsaicin of the four group IV afferents were not significantly attenuated by gadolinium. Injection of capsaicin before gadolinium elicited a burst of 14.8 Ϯ 6.1 impulse/s (n ϭ 4). Sixty minutes after gadolinium, the same dose of capsaicin injected caused the afferents to fire 19.8 Ϯ 8.7 impulse/s.
DISCUSSION
We have found that gadolinium, when injected into the femoral artery of decerebrate unanesthetized cats, attenuated the reflex autonomic and ventilatory responses to both static contraction and to tendon stretch but had no effect on the responses to capsaicin injection. We also found that gadolinium, injected into the femoral artery of ␣-chloralose-anesthetized cats, attenuated the pressor responses to static contraction and to tendon stretch but had a weak or no effect on the cardioaccelerator or ventilatory responses to these stimuli. The lack of robust attenuating effect of gadolinium on the cardiac and ventilatory responses to static contraction and to tendon stretch in ␣-chloraloseanesthetized cats was probably due to two factors. First, the cardioaccelerator responses to these stimuli are smaller in ␣-chloralose-anesthetized cats than in decerebrate, unanesthetized cats (10) . Consequently, there is less of a response to be attenuated by gadolinium. Second, tendon stretch in ␣-chloralose-anesthetized cats has been shown to be a weak and inconsistent ventilatory stimulus, failing to produce hypocapnia (38) .
Gadolinium attenuated the responses of group III afferents to both tendon stretch, a purely mechanical stimulus, as well as to static contraction, a mixed mechanical and metabolic stimulus. In contrast, gadolinium had no effect on the responses of group IV afferents to contraction. These findings are clearly con- Fig. 5 . Time course of pressor, cardioaccelerator, and ventilatory responses to static contraction (left) and tendon stretch (right) before (F) and 60 min after (E) gadolinium injection into the femoral artery (n ϭ 7). Circles represent means, and brackets represent ϮSE. Circles at time 0 represent baseline (i.e., before the maneuver). First circle after time 0 represents the mean 2 s after the maneuver started, and every circle afterwards represents the mean at 5-s intervals starting from time 0. Time period when the muscles were contracted or stretched is represented by the filled horizontal bar. During contraction and stretch, all means for ⌬MAP and ⌬HR before gadolinium injection were significantly greater (P Ͻ 0.05) than their corresponding means 60 min after gadolinium injection. Also, during contraction, means for the change in minute volume of inspiratory ventilation (⌬V I) at 2, 5, 10, and 15 s before gadolinium were significantly greater (P Ͻ 0.05) than corresponding means 60 min after gadolinium injection. During stretch, however, only the mean ⌬V I value at 5 s before gadolinium was significantly greater (P Ͻ 0.05) than its corresponding mean 60 min later. sistent with our hypothesis that gadolinium blocks mechanosensitive channels as well as with what is known about the discharge properties of thin fiber muscle afferents. Specifically, group III afferents respond vigorously to tendon stretch, whereas group IV afferents do not (12) . Likewise, group III afferents often respond to static contraction with an explosive burst of impulses at its onset, whereas group IV afferents may discharge an impulse or two at the onset of contraction but discharge most of their impulses 5-30 s later (12, 23) . Finally, gadolinium had no effect on the responses of the group III and IV afferents to capsaicin injection, a finding that is consistent with this lanthanide being a specific blocker of mechanosensitive channels.
The mechanism of action of gadolinium on mechanoreception is not well understood. Most likely, this trivalent ion has multiple mechanisms and sites of action depending on its concentration (8) . For example, gadolinium has been shown to block nonselectively mechanogated cation channels, L-and T-type calcium channels, and mechanogated potassium channels (8) . To understand in part the mechanism of action of gadolinium in our experiments, one must know the concentration of this cation at the receptor, information that is obviously not available.
The use of gadolinium to block the discharge of mechanoreceptors in other reflex systems in mammals has proven to be controversial. Specifically, gadolinium has been shown to attenuate baroreceptor discharge in both rabbits (7) and cats (40) but not in rats (3). We can offer no explanation for these disparate results. Nevertheless, our findings with another type of mechanosensitive afferent, namely the group III muscle afferent, is consistent with the findings of Hajduczok et al. (7) and Zanzinger et al. (40) and suggests that gadolinium might serve as a pharmacological tool with which to study mechanoreceptor contributions to reflex responses.
The exercise pressor reflex is often perceived as a neural mechanism that seeks to correct a mismatch between blood supply and demand in exercising muscles. Specifically, this reflex is thought to be evoked by a muscle metabolite produced by this mismatch (25, 26) . Indeed, there is impressive evidence showing that the elicitation of the "muscle metaboreflex" partially Fig. 7 . Gadolinium trichloride (10 mM in 1 ml), injected into the femoral artery, had no effect on the response of a group IV muscle afferent (conduction velocity ϭ 1.0 m/s) to static contraction. Number of impulses discharged by the group IV afferent in response to contraction is almost the same before gadolinium injection (A) as that discharged 60 min after injection (B). Contraction period of 60 s is depicted by solid bars. To the right of the histograms are the recordings of the action potentials taken at the times shown by corresponding arrows (a and b). Large vertical lines are stimulus artifacts, and action potentials are identified by the dots. restores arterial blood flow to exercising hindlimb muscles (21, 28) .
The exercise pressor reflex, in addition to being evoked by a metabolic or chemical stimulus, might also be evoked by a mechanical stimulus. For example, in cats, static contraction of the triceps surae muscles reflexly increased renal sympathetic nerve activity and decreased vagal tone to the heart with a latency of Ͻ1 s (15, 35) . Moreover, rhythmic intermittent static contraction of these muscles caused the renal nerve to discharge in a synchronous manner (35) . Likewise, electrical stimulation of the tibial nerve, which innervates the triceps surae muscles, did not activate the renal nerve until the current intensity reached five times motor threshold, a level that excluded group I and II muscle afferents (35) from comprising the sensory arm of the reflex arc causing the effect. In the present study, we found that gadolinium abolished the short latency (i.e., 2 s) reflex pressor, cardioaccelerator, and ventilatory responses to static contraction. Considered together, these findings led to the conclusion that group III mechanoreceptors, when activated by contraction, are capable of stimulating by a reflex mechanism the sympathetic nervous system in cats.
There is also evidence in humans that mechanoreceptors contribute to reflexes that activate the cardiovascular system. Specifically, passive cycling of the legs, a maneuver that stretches muscles in the absence of contraction, rapidly increased (i.e., within 1 s) heart rate (20) . Likewise, compression of the legs, also in the absence of contraction, increased heart rate and arterial pressure (6, 37) . Finally, electrically induced static contraction, a maneuver that bypassed central command, has been shown to increase heart rate with a latency of about one-half a second (9) .
In conclusion, our study is the first to show that removal of mechanoreceptor output from statically contracting muscles attenuated the exercise pressor reflex. Mechanoreceptor (i.e., group III) responses to static contraction and tendon stretch were prevented by injecting and trapping gadolinium in the vasculature of the hindlimb. In contrast, metaboreceptor (i.e., group IV) responses to contraction as well as to capsaicin were not affected by gadolinium. These findings lead us to speculate that gadolinium exerted its effect on mechanoreceptors in our experiments by blocking stretch-activated ion channels.
